The abundances of 16 elements (C through Y) in the recently detected planet-harboring G4 IV star HD 38529 are presented. A spectroscopic analysis was carried out differentially relative to the Sun. The adopted atmospheric parameters of the star are T eff = 5500 ± 100 K, log g = 3.6 ± 0.1, ξ t = 1.0 ± 0.3 km s −1 , and [M/H] = + 0.3. Iron is definitely overabundant with respect to the Sun, [Fe/H] = + 0.40 ± 0.06, and all other elements are also found to be enhanced. The enhancements of iron peak elements (Ti through Ni) are coincident with that of Fe within ±0.1 dex, while C and O are slightly less enhanced than Fe.
Introduction
Thanks to the extensive and continuous efforts of several groups of planet hunters which use a high precisionspectroscopic radial-velocity technique, the number of extrasolar planet candidates has increased very rapidly, and now we have a list of about 50 such systems. Using these sample stars, we can carry out statistical analyses of the physical properties of extra-solar planets and their parent stars (e.g., Butler et al. 2001) . Such analyses will eventually enable us to construct a realistic model of planetary formation and subsequent evolution.
One of the most notable characteristics of the parent stars of planetary systems is the high metallic abundances found among them. Gonzalez (1997 Gonzalez ( ,1998 , Gonzalez and Vanture (1998) , Gonzalez et al. (1999) , and Gonzalez and Laws (2000) analyzed 13 parent stars of planetary systems, and concluded that high metallic abundances exist in most of them. Fuhrmann et al. (1998) analyzed seven stars with planetary companions and found high metallic abundances, [Fe / H] ≥ +0.2, in three of them. Sadakane et al. (1999) analyzed HD 217107 and concluded that 13 observed elements are all enhanced in this star. Recently, Santos et al. (2000) and Gonzalez et al. (2001) analyzed the abundances in eight and twenty stars, respectively, and discussed the abundance characteristics of the parent stars of the planetary systems. It appears that the metallicity distribution (especially that of Fe) in the parent stars of planetary systems is systematically higher than that in G-and K-type field stars in the solar neighbourhood. Fischer et al. (2001) announced three stars (HD 12661, HD 38529, and HD 92788) to be accompanied by planets. They noted that HD 38529 is metal rich based on its fourcolor ubvy photometric indices. From high precision velocity measurements observed at the Lick and Keck observatories, they obtained an orbital period P = 14.3 ± 0.8 d, a velocity semiamplitude K = 53.8 ± 2.0 m s −1 , and an eccentricity e = 0.27 ± 0.03. They inferred the companion mass to be M sin i = 0.77M JUP . HD 38529 is a unique object among parent stars of planetary systems because of its high luminosity. From its Hipparcos distance of 42.4 pc, we obtained its visual absolute magnitude M V to be + 2.81. HD 38529 is certainly brighter than G-type main sequence stars with similar B − V color, and thus it should be a subgiant. Fischer et al. (2001) also found nonlinear residual velocities to the 14.3 d Keplerian fit and suggested the presence of more than one companion with orbital period(s) of several years.
In this paper, we report on a detailed abundance analysis of HD 38529 based on high-resolution and high signal-to-noise (SN) ratio spectroscopic data obtained in the visual region.
Observation and Analysis

Spectral Data
Spectroscopic observations of HD 38529 were performed on 2000 October 11 using the newly installed high-dispersion echelle spectrograph HIDES (Izumiura 1999) at the coude focus of the 188-cm reflector of Okayama Astrophysical Observatory. Spectral data in the wavelength region between 5230Å and 6400Å were obtained.
A lunar reflectance spectrum was observed with the same instrumental setup to be used as the reference solar spectrum. The rapidly rotating A star Altair (α Aql, spectral type A7 V) was observed through thin clouds, the data of which was used to check contaminations due to atmospheric absorption lines. Data reduction (i.e., dark subtraction, scattered light removal, flat-fielding, spectrum extraction, and wavelength calibration) was carried out using the IRAF software package. The wavelength resolution, which was measured from the average FWHM (the full width at the half maximum) of the Th-Ar comparison lines, is about 52000.
Data from multiple object images were coadded to increase the SN ratio. The SN ratio for HD 38529 after combining two 20-min and two 25-min exposures is 350 or better. Those of the lunar spectrum and Altair are both higher than 500. Figure 1 compares a small portion of the spectrum of HD 38529 and the Sun (Moon's spectrum) around weak V I and Sc II lines.
The absorption lines to be used in abundance determinations were selected by consulting a list of solar spectral lines (Moore et al. 1966 ) and a carefully selected list of undistorted solar lines prepared by Meylan et al. (1993) . Unblended lines which show clear symmetric profiles on both the solar spectrum and that of HD 38529 were selected. The sample is restricted to moderate-strength lines with the observed equivalent width W λ between 10 and 150 mÅ. All of the lines judged to be affected by tellulic lines (mostly H 2 O) were abandoned while consulting the high SN ratio spectrum of Altair.
The equivalent widths of the selected lines were measured using the software SPTOOL, which was developed by Y. Takeda (2000, private communication) using the Gaussian fitting technique. We estimated the average uncertainty in measurements of the equivalent width in HD 38529 to be less than 1.5% for lines with W λ near 100 mÅ. Measurements of the corresponding lines in the solar spectrum were carried out in the same way using the Moon's spectrum.
Atmospheric Parameters
The effective temperature (T eff ) of HD 38529 was estimated from its observed color indices (B −V and b −y) using the calibration given by Gratton et al. (1996) for luminosity class III stars. From B − V = +0.77 (Mermilliod, Mermilliod 1994) and b − y = +0.471 (Hauck, Mermilliod 1998), we obtained T eff = 5370 and 5430 K, respectively. When we used the calibration given by King (1993) , slightly higher temperatures were obtained. We obtained T eff = 5450 K from both the B − V and b − y indices at the solar metallicity. If a higher metallicity (+0.2 dex) is assumed, T eff from B − V is raised to 5530 K and that from b − y becomes 5480 K. If we apply the same corrections due to metallicity to the temperatures obtained using Gratton et al.'s (1996) calibration, they are 5450 K (from B − V ) and 5460 K (from b − y). We tentatively conclude that T eff of HD 38529 to be between 5400 K and 5500 K from these color measurements.
The surface gravity (logg) was determined from the absolute magnitude (M V ) and its estimated mass. The Hipparcos parallax (23.57 ± 0.92 mas, distance 42.4 ± 1.61 pc, ESA 1997) indicates the visual absolute magnitude of HD 38529 to be +2.81 ± 0.08 mag. The star is about 2 mag brighter than the Sun. Fischer et al. (2001) suggested the mass of the parent star to be 1.4M . We assumed the same bolometric correction both for the Sun and HD 38529. The well-known relation between log g, stellar mass M, radius R, and T eff was used to estimate log g, where the square brackets denote the logarithmic ratio with respect to the solar value,
(1)
Using the solar effective temperature (5780 K) and gravity (log g = 4.44), we obtained log g = 3.65 when M = 1.4M and T eff = 5500 K. Assuming a slightly lower mass (1.3M ) and lower T eff (5400 K), we obtained log g = 3.59. We adopt in the following analysis log g = 3.60 ± 0.10. Prieto and Lambert (1999) obtained atmospheric parameters of HD 38529 to be T eff = 5370 K and logg = 4.13 by comparing the observed position of the star on a color-magnitude diagram with predictions of stellar evolutionary calculations. However, their high log g is clearly incompatible with its estimated mass (1.4M ) and radius (2.8R ).
The microturbulent velocity, ξ t , of HD 38529 was estimated using selected lines of Fe I. These lines are listed in Meylan et al. (1993) and their equivalent widths range from 40 mÅ to 120 mÅ in HD 38529. First, we tried to obtain ξ t of the Sun using 23 selected Fe I lines whose equivalent widths were measured on our Moon's spectrum. The abundances of Fe were computed for each line using the Kurucz solar model atmosphere with T eff = 5777 K and log g = 4.44 (Kurucz 1993) for a range of ξ t from 0.5 km s −1 to 1.5 km s −1 . The program WIDTH9 was used throughout this study to calculate the equivalent widths. The log gf values adopted by Lambert et al. (1996) were used in these calculations. We found that the dependence of the abundance on the equivalent width is minimized at ξ t = 1.0 km s −1 . This is in agreement with previous results on the solar microturbulent velocity (see e.g., Holweger et al. 1991) .
Next, the same computations were carried out for the same set of Fe I lines measured in HD 38529. This time, we used a model atmosphere with T eff = 5500 K and log g = 3.50. The dependence of the abundance on the equivalent width is minimized at ξ t = 1.0 km s −1 (figure 2). After determining log g and ξ t in HD 38529, we tried to fix the final value of T eff by requiring a balance between Fe I and Fe II. We calculated the values of [Fe/H] both for Fe I and Fe II We thus decided to adopt T eff = 5500 K as the final choice for HD 38529.
Abundances
An abundance analysis of HD 38529 was carried out differentially relative to the Sun in order to minimize any systematic errors in measurements and to cancel any random errors in the log gf values. We used the LTE plane parallel model atmospheres of Kurucz (1993) and adopted an enhanced metallicity, [M/H] = + 0.3, model with T eff = 5500 K and log g = 3.6. For the Sun, we used a normal metallicity model atmosphere with T eff = 5777 K and logg = 4.44 (Kurucz 1993) . Abundance analyses were carried out using the WIDTH9 program for 15 elements, except for S I. The results of each metallic line [wavelength inÅ, excitation potential in eV, measured equivalent width in HD 38529 and in the Sun in mÅ, and differential abundance (∆ log = HD 38529 − Sun)] are given in table 1.
There are two S I features near 6046Å and 6052Å in the observed spectral region. We analyzed the stronger feature at 6046Å to obtain the S abundance. The feature consists of three S I lines at 6045.954Å, 6045.991Å, and at 6046.027Å. Their excitation potential is 7.868 eV and the log gf values are −1.820, −1.240, and −1.030, respectively (Kurucz, Bell 1995) . We tried to reproduce the feature observed in the Sun by the spectrum-synthesis technique using the SPTOOL program. Computations were carried out in the wavelength interval between 6045.0Å and 6047.0Å. The absorption lines included in the computation were taken from Kurucz and Bell (1995) and solar abundances taken from Anders and Grevesse (1989) are assumed. We find that the S I feature is too weak when the solar abundance of S (7.29) is assumed. We interpret this to be due to errors in the used log gf values of the three S I lines. We enhance the loggf values of these three lines artificially by the same factor until a satisfactory agreement is achieved. We find a best fit of the feature when we enhance the log gf values by + 0.45 ( figure 3, upper part) . However, the agreement in the shorter wavelength part of the profile is relatively poor and unsatisfactory. We assume that this disagreement is due to the presence of one or more unregistered absorption line(s) in the region between 6045.7Å and 6045.9Å. Moore et al. (1966) lists an unidentified line at 6045.772Å.
We enhanced the log gf values of the three S I lines in the line list by + 0.45, and then tried to reproduce the observed feature in HD 38529 by changing the abundance of S. The abundances of the blending species were changed according to the results presented in table 1. When we assumed the solar abundance of S in HD 38529, the computed feature was fairly too weak compared with the observation. We need to enhance the abundance of S by + 0.4 dex to account for the observed feature. Althogh the agreement in the shorter wavelength part of the profile is relatively poor, as in the case of the Sun, we conclude that S is overabundant in HD 38529 by 0.4 dex or more from these analyses ( figure 3, lower part) .
The abundances of 16 observed elements in HD 38529 are summarized in table 2. The errors in the abundances caused by uncertainties in the model parameters (T eff , log g, and [M/H]) were estimated using several model atmospheres, and they are given in table 2. For some neutral species, such as Ti I, V I, and Cr I, relatively large (≥ 0.1 dex) errors are expected when the adopted T eff is in error by 100 K. If we use log g = 3.8, instead of 3.6, the abundances obtained from singly ionized species, such as Cr II, Fe II, and Y II are enhanced by 0.08 dex. However, because the adopted log g in the present analysis is based on the star's estimated mass and radius, the uncertainty is expected to be smaller than 0.1. The abundance of O is found to be sensitive both to errors in log g and the metallicity.
We compare the abundances in HD 38529 obtained in this study with those given in Gonzalez et al. (2001) . They used high-resolution spectroscopic data obtained with the HIRES spectrograph on the Keck I telescope. 12 common absorption lines were used in both analyses. We find that our equivalent widths are about 2.5% larger than theirs. They used spectroscopically determined parameters (T eff = 5646 K and log g = 3.92) and obtaind the abundances of nine elements. Excellent agreements (within 0.05 dex) are found for six elements, including Fe. For C I, Na I, and Si I, we obtained slightly higher abundances.
Discussion
We analyzed metallic absorption lines in the visual region spectrum of HD 38529 and found that all of the observed elements are over-abundant relative to the Sun. One important point concerning HD 38529 is its high intrinsic luminosity. This is one of the brightest stars among the presently available samples of stars with planets. In accordance, our analysis yielded for this star a low surface gravity of log g = 3.6.
Our result concerning the abundance of Fe in HD 38529 clearly shows that this star is definitely metal rich. The derived [Fe/H] ( + 0.40 ± 0.06) is the third-highest value among analyzed stars so far, following 14 Her (+0.50) and ρ 1 Cnc (+0.45) (Gonzalez, Laws 2000) . Concerning C and O, our result ([C/Fe] = −0.09 and [O/Fe] = −0.17) suggests that these elements may be slightly less over-abundant than Fe. This is in accordance with Gonzalez and Laws (2000) , who suggested that stars with planets might be deficient in C. However, Santos et al. (2000) Gonzalez and Laws (2000) , who obtained negative values of [Na/Fe] , in seven stars with planets. However, our result is still lower than the mean value of [Na/Fe] obtained by Feltzing and Gustafsson (1998) for metalrich disk stars, reaching [Na/Fe] = + 0.20 for most metal-rich stars. Thus, the conclusion noted in Gonzalez and Laws (2000) and Gonzalez et al. (2001) that [Na/Fe] values of stars with planets are, on average, smaller than the corresponding values among field stars of the same [Fe/H], is qualitatively unchanged. We find in HD 38529 that the mean enhancement for Mg, Si, and S is around +0.40 dex, which is in coincidence with that of the iron peak elements (Cr, Fe, Co, Ni) . In HD 217107, Sadakane et al. (1999) noted high enhancements of Mg, Al, S, and Si with respect to the iron peak elements. Santos et al. (2000) compared the [Si/Fe] values in stars with planets and field G and K dwarfs, concluding there is no aparrent trend distinguishing these two groups. HD 217107 may be an exceptional case in this respect. Santos et al. (2000) plotted the excess in [Fe/H] found in stars with planets against the mass of the convection zone. This was in order to discriminate the various hypotheses proposed to explain the process of planetary formation and evolution. They found a weak anti-correlation on their diagram, but did not claim it to be real because the number of used sample was too small. Gonzalez et al. (2001) examined the relation between the stellar mass and excess in iron abundances, and found that young (i.e., age less than 2 Gyr) and high-mass (larger than 1.0M ) stars have, on average, 0.15 dex higher abundances of Fe than their low-mass counterparts. In addition to [Fe/H] , any systematic anomaly in the abundance or in the abundance ratio can be an important clue in exploring the mechanism of planetary formation. Thus, much more reliable data on the abundances of as many elements in as many stars with planets having various characteristics are needed before we can have a clear understanding in this new field of astronomy.
